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Abstract 
 
Second harmonic generation microscopy has recently become an important tool for studying materials. In this article, we 
use a recently developed analytical method, for second-harmonic generation microscopy, to determine the point group 
symmetry of micro crystals of enantiomerically pure 1,1’-bi-2-naphtol. 
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1. INTRODUCTION 
 
Second-harmonic generation (SHG) is a nonlinear optical technique that has been used for many years to study interfaces 
and surfaces. The reason for its surface sensitivity is that, in the electric dipole approximation, SHG is a second-order 
nonlinear optical effect that can only be observed in media lacking inversion symmetry. For instance, symmetry	   is	  broken	  by	  externally	  applied	  electric1	  or	  magnetic2	  dc	  fields,	  which	  allows	  SHG	  to	  successfully	  image	  ferroelectric3	  and	  ferromagnetic4	  domains.	  Since inversion symmetry is necessarily broken at an interface, SHG is inherently surface 
sensitive. SHG is also very sensitive to chirality. For example, very large circular difference effects in SHG have been 
observed in chiral thin films.5 The effect can be considered similar to classical circular dichroism (CD), and therefore it 
is often referred to as SHG-CD. In addition, a nonlinear optical analogue of optical rotation has also been observed. As a 
consequence, SHG has been used to study surface chirality and has recently been applied for the study of nano scale 
systems, biological samples, and mesogenic systems.6,7,8,9   
 
Over the last two decades, SHG has been combined with microscopy, which led to the development of SHG imaging 
techniques that have become an increasingly popular tool in biological imaging.10,11 Additionally, the technique has 
found applications in the field of materials science,12,13 where it has become a successful tool for studying plasmonic 
materials.14,15 An important reason for this success is the fact that SHG microscopy can be used to map plasmonic 
hotspots in nanostructured materials,16,17,18 especially, of chiral geometry.19,20,21 More generally, plasmonic hotspots are 
capable of locally breaking the symmetry of the material and SHG has thus been employed to probe the effects of plasmonic	   coupling,22,23,24	  propagation	   of	   plasmons	   along	   a	   chain	   of	   particles25,26,27	  and	   propagating	   plasmons	  scattered	   by	  metallic	   nanoparticles.	  28	  In	   the	   case	   of	   plasmonic	   symmetry	   breaking,	   several	   theoretical	  models	  have	  been	  proposed.29,30,31,32,33,34	  In	  the	  case	  microcrystals,	  it	  is	  especially	  important	  to	  determine	  the	  point	  group	  symmetry.	  	  	  	  
It was recently proposed that SHG-microcopy can be used to determine the point group symmetry of 
noncentrosymmetric samples.35,36 The technique is based on a series of simple measurements and does not require a 
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complex microscope design. For example, the authors were able to determine the arrangement of dyes located in porous 
zeolite systems and the symmetry of complex crystalline systems. Here we demonstrate this procedure for microcrystals 
of 1,1’-bi-2-naphtol (BINOL), and show that even with incomplete experimental data, it is possible to extract valuable 
information regarding the symmetry of the sample under study. 
 
2. THEORY 
 
The method described by van der Veen et al. relies on a series of simple tests using an SHG microscope 35,36. In order to 
extract the point group symmetry, typically four different measurements are made. In a first measurement an SHG image 
is recorded for several linearly polarized input polarizations, while all SHG light, reflected or transmitted is detected. 
Next several spots in the image are selected and the SHG at those points is plotted against the polarization angle of the 
input light. This yields a polarization plot in which two observables can be identified, i.e. the number of times the plot 
reaches zero, and the number of symmetry planes in the plot. The same procedure is then repeated in a second 
measurement, but in this case the polarized SHG is detected. For measurements 3 and 4 the sample is rotated for fixed 
input and output polarizations. A schematic of the measurement procedure is shown in Fig. 1. By careful examination of 
the observables in the four measurements, the point group symmetry can be readily identified. For the case of arbitrarily 
oriented crystals, i.e. where the crystallographic axes do not coincide with the coordinate system of the sample under 
study, Table 1 can be used to identify the point group symmetry, based on the observables. 
 
 
 
 
Figure 1: SHG-microscopy and point group determination using 4 measurements and 2 observables 
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Table 1: observables for different point group symmetries. z = zero point, sp = symmetry plane. 
 
point group measurement  1  2  3  4  
 
 
 
T / Td    0z, 0sp  4z, 4sp  6z, 0sa  6z, 0sa 
 
D6 / D4 /D∞   2z, 4sp  4z, 4sp  no SHG  2z, 4sp 
 
C6v / C4v / C∞v   0z, 4sp  0z, 0sp  2z, 4sp  2z, 4sp 
 
D3h    0z, 0sp  4z, 4sp  6z, 0sp  6z, 0sp 
 
C6 / C4 / C∞   0z, 0sp  0z, 0sp  2z, 4sp  0z, 0sa 
 
C3h    0z, 0sp  0z, 0sp  0z, 0sp  0z, 0sp 
 
D3    0z, 0sp  0z, 0sp  6z, 0sp  0z, 0sp 
 
C3v    0z, 0sp  0z, 0sp  0z, 0sp  0z, 0sp 
 
C3    0z, 0sp  0z, 0sp  0z, 0sp  0z, 0sp 
 
D2d    0z, 0sp  0z, 0sp  6z, 0sp  2z, 0sp 
 
S4 / D∞h   0z, 0sp  0z, 0sp  2z, 0sp  0z, 0sp 
 
D2    0z, 0sp  0z, 0sp  6z, 0sp  0z, 0sp 
 
C2v    0z, 0sp  0z, 0sp  2z, 0sp  0z, 0sp 
 
C2    0z, 0sp  0z, 0sp  2z, 0sp  0z, 0sp 
 
Cs    0z, 0sp  0z, 0sp  0z, 0sp  0z, 0sp 
 
C1    0z, 0sp  0z, 0sp  0z, 0sp  0z, 0sp 
 
 
3. RESULTS AND DISCUSSION 
 
Here we demonstrate the procedure for a vapor deposited thin film of enantiomerically pure BINOL that was left to 
crystallize at room temperature. The sample was first investigated by bright field, dark field and polarized microscopy 
using a commercial Zeiss optical microscope (Axio imager M1). A series of typical images are shown in Fig. 2. It is 
clear that the sample consists of crystalized regions of star shaped features composed of different needle-like crystals. 
The polarized images emphasize the anisotropy of the star shaped structures with well-resolved individual crystals. The 
dark field images on the other hand show the relief on the surface. Especially interesting are the dark field images using 
a single laser wavelength. Three different diode lasers were used as a light source and could in principle be used to excite 
fluorescence in the samples, providing additional information on the surface of the structures.  
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Figure 2: optical microscopy of crystallized samples of BINOL. The actual size of the images is 700x700µm 
 
SHG images were taken with a commercial Zeiss LSM 510 confocal microscope and an example is shown in Fig. 3. 
Noteworthy is the drastically improved resolution as compared to the optical microscopy images. Furthermore, the 
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anisotropy is more strongly emphasized as compared to the optical microscopy images, illustrating the strength of SHG 
microscopy. Next we performed two types of measurements in which several images with different input polarization 
were taken, with and without analyzer, and the SHG intensity of a selected crystal was plotted vs. the angle of the input 
polarization. This is shown in Figure 4. Because of experimental limitations we could not perform measurements in 
which the sample was rotated. However, due to the star like arrangement of the needle like crystals, we could analyze the 
SHG from different needle like crystals as a function of the angle they make with respect to the input polarization. 
Hence, if we assume that all crystals are identical, this is in principle equivalent to a rotation of the sample. The 
corresponding plots are also shown in Fig 4. 
 
 
 
Figure 3: SHG image of crystallized binol 
 
 
Figure 4: the top images are polarization plots corresponding to measurement 1 and 2. The bottom images were extracted from 
measurements 1 and 2 with each data point corresponding to a crystal with a different orientation with respect to the input 
polarization, effectively simulating sample rotation. 
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The next step in our analysis consists of identifying the number of times each plot goes to zero and the number of 
symmetry planes that can be drawn through the plot. However, due to the inherent uncertainty on each data point it is 
difficult to establish the presence of symmetry planes in the polarization graphs. Nevertheless, none of the polarization 
plots go to zero, thus limiting the number of possible symmetry point groups. From Table 1 we find that the only 
possible point groups are C3h, C3v, C3, CS and C1. Given the fact that the sample under study is enantiomerically pure 
BINOL, this leaves us with either a C3 or C1 symmetry. This is in perfect agreement with x-ray diffraction data that 
indicate a C3 symmetry.37 
 
4. CONCLUSION 
 
We have demonstrated the potential of a recently developed technique, based on SHG-microscopy- to determine the 
point group symmetry of very complex samples. Furthermore, we demonstrated that even with incomplete data, valuable 
information concerning the symmetry of the samples can be extracted. 
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